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Field of the Invention 

5 This invention relates to diagnostic procedures, and particularly diagnostic procedures for the detection 

of nucleic acids. It also relates to a test article useful in such procedures. 

Background of the Invention 

10 Nucleic acid hybridization is a well known procedure for Investigating the identity of nucleic acids. Hybrid- 
ization is based on complementary base pairing. When single-stranded nucleic acids are incubated in solution, 
complementary base sequences pair to form double-stranded hybrid molecules. These molecules can be sepa- 
rated when desired by denaturation. 

Also known are nucleic acid probe assays which can be used to assay a specimen for the presence of a 

IS predetermined (also known as a taiiget) nucleic acid for diagnosis of disease, genetic defects, genetic engin- 
eering or characterization, or for testing blood, food or other materials for contamination or other medical or 
research purposes [see, for example, US-A-4,358,535 (issued November 9, 1982 to Faikow et al), WO-A- 
88/01302 (published February 25, 1988) and references mentioned therein]. 

Among nucleic acid probe assays are assays known in the art as "sandwich" assays in which two probes 

20 are used to sandwich the nucleic acid of interest therebetween in a three-part hybridized product. Generally, 
one probe is a "capture" probe which is immobilized or capable of becoming so on a solid surface, and the 
other probe Is detectably labeled or capable of becoming so. Sandwich assays have the advantage that the 
predetermined nucleic acid need not be immobilized directly to a solid support, and offer the potential for higher 
specificity because two hybridization reactions are required for detection instead of one. 

25 Most "capture" probes used in probe assays are generally composed of a sequence of nucleotides which 

form an oligonucleotide which Is complementary to at least one nucleic acid sequence of the predetermined 
nucleic acid being detected. Various methods are known for attaching oligonucleotides to solid supports for 
affinity chromatography separation of nucleic ackis and for probe assays. Anru)ng the considerable literature 
describing such methods are WO-A-88/01 302 (noted above), EP-A-0 235 726 (published September 9, 1987) 

30 and US-A-4.673.657 (issued June 16, 1987 to Christian). 

A significant advance in the art is described in US-A-4,683,195 (issued July 28, 1987 to Mullis et al) and 
US-A-4,683,202 (issued July 28, 1 987 to Mullis). Without going into extensive detail, these patents describe 
an amplification process wherein primers are hybridized to nucleic acid templates in the presence of a poly- 
merization agent (such as a polymerase) and four deoxyribonucleoside triphosphates, and extension products 

35 are formed from the primers. These products are denatured and used as templates in a cycling reaction which 
amplifies the number and amount of predetermined nucleic acid to facilitate its sut>sequent detection. This am- 
plification process can be carried out cyclically as many times as desired to produce a larger quantity of de- 
tectable material from a small amount of predetermined nucleic acid. 

Once the target sequence has been adequately amplified to detectable quantities, the mode of detection 

40 Is not critical. Many techniques for detection are described in the art including the use of probes labeled with 
radioisotopes, biotin or enzymes (linked to the probe through a biotin-avidin linkage) or gel electrophoresis. 
Other probes are used for capturing the amplified product on a support. 

US-A-4,727,019 (February 23, 1988 to Valkirs et al) describes analytical methods and apparatus in which 
nucleic ackJs can be detected using probes immobilized directly to a porous substrate (such as a membrane) 

45 in a localized region. Alternatively, the probe can be embedded within the porous matrbc. While directly attach- 
ing probes to such substrates or embedding them therein may provide accurate and sensitive assays where 
the predetermined nucleic acid is present in the test specimen in generally large concentrations, it has limita- 
tions where the concentrations aro very low. As research proceeds in this field of art, the need to detect lower 
quantities (even a single molecule) is of greater importance. Thus, many conventional methods and apparatus 

so for nucleic acid testing are deficient 

Similarly, an analytical method is described in EP-A-0 200 381 (published Novembers, 1 986) which utilizes 
nucleic acids attached to polymeric particles which are embedded within a porous matrix. Moreover, several 
probes can be embedded in distinct regions of the matrix so that a multiplicity of nucleic acids can be detected 
simultaneously. 

S5 The desire to detectone or more nucleic acids simultaneously remains in the art However, as noted above, 
there is also a need to detect increasingly lower concentrations of those acids. This requires high sensitivity 
by the probes and analytical procedures. 
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Summary of the Invention 



The problems noted above are overcome with a nucieic acid test article connphsing a substrate having at 
5 least first and second opposing surfaces, and having affixed in at least one distinct zone of at least one of the 
opposing surfaces, a water-insoluble nucleic acid probe, 

the probe comprising an oligonucleotide complementary to a predetermined nucleic acid, which oligo- 
nucleotide is covalently attached to a water-insoluble particle, and substantially none of the probe being em- 
bedded within the opposing surface. 
10 Moreover, a method for the detection of a predetermined nucleic add comprises: 

A. contacting a specimen suspected of containing a predetermined nucleic acid with the nucleic acid test 
article described above, to form a hybridized product of predetermined nucleicacidand the water-insoluble 
probe, 

B. prior to, simultaneously with or subsequently to step A, contacting the specimen with a detectably lab- 
15 eied probe which is complementary to the predetermined nucleic acid to form an immobilized sandwich 

product of the predetermined nucleic acid hybridced with both the water-insoluble probe and labeled 
probe, 

C. separating the immobilized sandwich product from nonimmobilized materials, and 

D. detecting the immobilized sandwich product as an indication of the amount of predetermined nucleic 
20 acid in the specimen. 

More particularly, a method for the detection of a predetermined nucleic acid comprises: 

A. amplifying a predetermined nudeic acid found in a specimen in the presence of complementary primers, 
deoxyribonudeotlde triphosphates and a polymerization agent, 

B. contacting the amplified predetermined nucleic acid with the nudeic acid test artide described above, 
25 to form an immobilized hybridized product of predetermined nucleic acid and the water-insoluble 

probe, 

C. separating the immobilized produdfrom nonimmobilized materials, and 

D. detecting the immobilized product as an indication of the amount of predetermined nucleic acid in the 
specimen. 

30 The present Invention provides a means for achieving rapid and accurate detection of one or more nucleic 
acids in a specimen, such as a biological specimen. It is particularly advantageous that the present invention 
allows highly sensitive assays where the targeted nucleic acid is present in extremely low concentrations. More- 
over, the test arttde of this invention Is easily prepared and has considerable manufacturing efficacies. Be- 
cause the probes are composed of water-Insoluble particles, they are easily deposited on a suitable substrate 

35 or incorporated into test devices for use later on. Thus, the use of probe solutions and accompanying disad- 
vantages are avoided. 

The advantages are achieved by using water-insoluble probes which are affixed to substrates in a spedfic 
location thereon. Moreover, the probes are not embedded within the substrate, as taught in the art, so that 
more surface area of the probe is exposed to the test specimen, and assay sensitivity is enhanced. An impor- 
40 tant advantage of this invention is that a multiplicity of predetermined nudeic acids can be detected simulta- 
neously using a multiplicity of water-insoluble probes affixed to the substrate in individual locations. In a pre- 
ferred embodiment, the test artide of this invention is incorporated within a self-contained test device which 
may contain all reagents for the assay. If some reagents are not prelnoorporated, the test device can be a con- 
tainer for the assay after reagent addition. 

45 

Brief Description of the Drawings 

FIG. 1 is a top view of a test artide of this invention having a water-insoluble probe immobilized in a lo- 
calized area of the substrate. 
so FIG. 2 Is a cross-sectional view taken along line ll-ll of FIG. I. 

FIG. 3 Is a cross-sectional view similar to FIG. II of a different test artide embodiment of this invention, 
having a multiplicity of localized probes on a substrate. 

FIG. 4 is a cross-sectional view of still another embodiment of this Invention in which a water-Insoluble 
probe is localized on a membrane located at the bottom of a test well. 

55 

Detailed Description of the Invention 



As used herein in referring to primers, probes or oligomer fragments to be detected or used in detection 
of a nucleic acid, the term "oligonucleotide" refers to a molecule comprised of two or more deoxyrlbonucleotides 
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or ribonucleotides, and preferably more than three. The exact size is not critical but depends upon many factors 
including the ultimate use or function of the oligonucleotide. The oligonucleotide may be derived synthetically 
or by cloning. 

5 The term "primer" refers to an oligonucleotide, whether naturally occurring or synthetically produced, which 

is capable of acting as a point of initiation of synthesis when subjected to conditions in which synthesis of a 
primer extension product complementary to a nucleic acid strand is induced. Such conditions Include the pres- 
ence of nucleotides (such as the four standard deoxyribonucteotide triphosphates) and an agent for polynner- 
ization such as a DNA polymerase, and suitable temperature and pH. 

10 In one embodiment, the primer contains a double-stranded, labeled nucleic acid region adjacent to a single- 
stranded region. The single-stranded region contains a nucleic acid sequence which is sufficiently complemen- 
tary to the template strand to hybridize therewith. The double-stranded region, or tail, of the primer can be 
labeled with a detectable moiety which is capable of producing a detectable signal or which Is useful in capturing 
or immobilizing the extension product. 

IS In other and preferred embodiments, the primer is entirely single-stranded. Preferably, the primer is a sin- 

gle-stranded oligodeoxyribonudeotide. It must be sufficiently long to prime the synthesis of extension products 
in the presence of the polymerization agent, but its exact size will vary depending upon the use contemplated, 
the complexity of the target sequence, reaction temperature and the source of the primer. Generally, each pri- 
mer used in this invention will have from about 15 to about 50 nucleotides, and preferably, It has from about 

20 20 to about 30 nucleotides. 

The primers used in the present invention are selected to be "substantially" complementary to the different 
strands of each specific sequence to be amplified. This means that they must be sufficiently complementary 
to hybridize with their respective strands to form the desired hybridized products. Noncomplementary bases 
may be Incorporated therein as long as they do not interfere with hybridization andformation of extension prod- 

25 ucts. Preferably, the primers have exact complementarity to obtain the best results in amplification efficiency. 
Primers useful herein can be obtained from a number of sources or prepared using known techniques and 
equipment, including for example, an ABI DNA Synthesizer (available from Applied Blosystems) or a SAM-I 
Synthesizer (avaflable from Biosearch, Inc.) and known methods for their use. Naturally occurring primers iso- 
lated from biological sources are also useful (such as restriction endonuclease digests). 

30 As used herein the term "probe" refers to an oligonucleotide, naturally occurring or synthetically produced, 
which is not used as a primer, but which is designed to be substantially complementary to one or more se- 
quences of a nucleic acid so as to form a hybridized product. Further, a probe is generally designed for either 
"capture" or "detection" of the resulting hybridized product. Capture probes are those which are either attached 
to an insoluble material in some fashion or are capable of becoming attached at some time in the assay, such 

35 as by absorption or complexation through specific binding ligands (for example, avidin-biotin complexes). De- 
tection probes either have a detectable label incorporated therein, or have a moiety which is capable of reacting 
with a detectable moiety, for example through an avidin-biotin complex Other embodiments of capture and 
detection probes are known In the art. 

The present invention is directed to the detection of one or more predetermined nucleic acids present in 

40 the same or different test spedmens. Such specimens can include cellular or viral material, hair, body fluids 
or other materials containing genetic, viral or bacterial DNA or RNA which can be detected. While the primary 
purpose of such detection would be diagnostic in nature, the invention could also be used to improve the ef- 
ficiency of cloning DNA or messenger RNA, for tissue typing, or for obtaining large amounts of a desired nucleic 
acid from a mbcture of nucleic acids resulting from chemical synthesis. 

45 The present invention is advantageously carried out using a test article having a substrate to which is af- 

fbced in a suitable manner one or more capture probes. Each probe is water-insoluble because it is composed 
of awater-insolubte particle of some type having one or more molecules of an oligonucleotide covaiently affixed 
thereto. This oligonucleotide is complementary to the nucleic acid of interest to a sufficient degree that they 
will form hybridized products in the course of the assay. 

so This test article is now discussed in more detail, but It is to be understood that further embodiments would 
be readily apparent to one skilled in the art. 

The article substrate can be any porous or nonporous surface to which the probe can be readily affixed 
and which will allow ready access of solution containing the predetermined nucleic acid to the probe. There 
must be some type of bonding between probe and substrate in order to keep the probe in place during man- 

55 ufacturing and storage, and in some cases, during an assay. It is Important, however, to the sensitivity desired 
in using the test article, whether the substrate is porous or nonporous, that the probe be predominantiy on 
the outer surface (or surfaces) of the substrate. This means that the probe is not embedded to a significant 
degree Into the substrate. It Is to be understood that In the course of manufacture of the article using porous 
substrates that some of the probe may become buried or embedded therein, but in the present invention, It Is 
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expected that less than 20 percent of the probe is so situated. In preferred ennbodiments, the substrate is a 
nonporous material, and the one or nnore probes are completely on one or more of its outer surfaces. 

The substrate is more clearly defined as having a configuration (described below) which has at least two 
5 opposing outer surfaces. Such surfaces are generally parallel, but need not be completely parallel (for example 
the inside and outside surfaces of a curved bottom of a test tube). Generally, the substrate is a flat sheet, mem- 
brane or film having nominal thickness and outer surfaces for retaining probe. 

Substrate materials useful herein include, but are not limited to, cellulosic materials, metals, polymers, cer- 
amics, glasses or fabrics configured into any useful form including films, membranes, foils, papers (such as 
10 photographic or thermal print papers including raw stock papers that have not been treated, finished, sized or 
coated in any manner, or papers which have been treated, finished, sized or coated, for example with polymeric 
latices), cuvettes, test tubes, test slides or strips. Particularly useful substrates include polymeric films, poly- 
meric or cellulosic microporous membranes, such asthose manufactured by Pall Corp. (for example, Biodyne™ 
or Loprodyne™ membranes), or polymeric latex-coated, or uncoated cellulosic papers. Most useful substrates 
15 are papers which are substantially non-porous and uncoated, such as thermal print papers. 

Several embodiments of test articles are illustrated in the attached drawings. Looking at FIGS. 1 and 2, 
test article 10 is shown as a simple piece of polymeric film substrate 12 having upper and lower opposing sur- 
faces 14 and 16. Water-insoluble nucleic acid probe 18 is immobilized in a deposit in the center of opposing 
surface 14 of substrate 12. 

20 Another embodiment of a test article is shown in the cross-sectional view of FIG. 3. Test article 20 com- 
prises porous substrate 22 having opposing upper and lower surfaces 24 and 26. Located in distinct regions 
of opposing surface 24 are water-Insoluble probe deposite 28, 30 and 32, which can contein the same or dif- 
ferent probes. 

Still another embodiment is a test well of a disposable test device (described below) shown in cross-section 
25 in FIG. 4. Test well 40 has conical wall 42 and a porous membrane 46 at the bottom thereof. Membrane 46 
has opposing upper and lower surfaces 48 and 50, and on opposing surface 48 is a water-insoluble probe de- 
posit 52. 

The pnobescanbeaffixed to the substrates using any suitable technique. Generally, the probe is deposited 
in a suitable manner and dried to form a coated region of probe on the substrate, and affixation is by physical 

30 means. Alternatively, the affixing can be provided through chemical reactbn if desired using reacth^e groups 
on either or both substrate and probe, or reactive linking groups. Preferably, the probe is merely dried down 
in one or more distinct areas of the substrate (such as dots, stripes or other patterns, each distinct area gen- 
erally having a surface area of from about 1 to about 30 mm^). In some Instances, the probes may be resus- 
pended when contected with fluids used in an assay. 

35 The probes themselves are prepared using water-insoluble particles of regular or irregular shape. If sphe- 
rical, they generally have an average diameter of from about 0.1 to about 10 )xm. Preferably, the particles are 
spherical and have an average diameter of less than about 5 ^m. The particles can be prepared from any suit- 
able material to which oligonucleotides can be covalentiy atteched. including, but not limited to, glasses, cer- 
amics, metals, magnetizable materials, polymeric materials, sols, gels and other materials readily apparent to 

40 one skilled in the arL 

Preferably, the particles are prepared from polymers having active groups for covalent oligonucleotide at- 
tachment. Useful adive groups include carboxy, amino, sulf hydryl, aldehyde, activated 2-sut>stituted ethylsul- 
fonyl, vinylsulfonyl, active halogen atoms, nitroaryl and others readily apparent to one skilled in the art. Par- 
ticulariy useful particles are polymeric particles derived from one or more ethylenically unsaturated polymer- 

45 izable monomers having one or more of the following reactive groups: carboxy, activated 2-substituted ethyl- 
sulfonyl, vinylsulfonyl or active halogens. Further details about such particles, including useful monomers, 
methods of preparing them and attachment of oligonucleotides, are known In the art (for example, in EP-A-0 
302 715. published February 8. 1989). 

Attachment of oligonucleotides to particles can be accomplished using standard procedures which will de- 

so pend upon the type of particles (that is, the reactive groups) and what reactive group of the oligonucleotide 
is used (for example, reactive groups on the pyrimidine or purine base moieties, or part of a terminal nucleotide, 
either 5' or 3'). Various procedures are described, for example, in WO'A-88/01302 (noted atx>ve). 

The coverage of oligonucleotide on the particles may be Important in some assays for improved sensitivity. 
Generally, it is desired to attach as many molecules of the oligonucleotide on t he particles as possible. Because 

55 the particles have a high surface area to volume ratio as compared to other substrates, the high density is 
advantageous. Preferably, the coverage is generally from about 100 to about 3000 pmoles of oligonucleotide 
per mg of particles. 

As noted above, the water-insoluble probe is affixed in a distinct area of one or more surfaces of the sub- 
strate. Each area can be the same or different in size and shape. In a preferred embodiment where there are 
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a multiplicity of distinctareas having the same or different probe, the areas are kept apart sufficiently that each 
area can be detected separately. In this embodimentp the various probes can be used for detecting different 
predetermined nucleic acids from the same or different specimens, or they can be used to detect the same 

5 nucleic acid but act as controls. 

The present invention also encompasses a method for using the test article described herein to detect a 
predetermined nucleic add. The general description of the method is provided above. In one embodiment, the 
test article is used in a sandwich hybridization assay where a second probe is used to provide detection of the 
resulting three-part hybrid. This second probe is also complementary to the predetermined nucleic acid, and 

10 contains a moiety which provides detection in some mann^ (as discussed above). Preferably, the second 
probe Is labeled with avidin, biotin, antibody, antigen, hapten, lectin, sugar (or another specific binding moiety), 
or other detectable moieties described below. Most preferably, the label is an enzyme, which vs^hen contacted 
with appropriate substrates or dye-forming reagents, will provide a detectable dye on the test article. 

Procedures for attaching labels and preparing probes are well known in the art, for example, as described 

15 by Agrawal et al, Nucleic Acid Res., 14, pp. 6227-45 (1 986). Useful labels include radioisotopes, electron-dense 
reagents, chromogens, fluorogens, phosphorescent moieties, dyed particles, ferritin and other magnetic par- 
ticles, chemiluminescent moieties and enzymes. Useful enzymes include, glucose oxidase, peroxidase, uri- 
case, alkaline phosphatase and others known In the art. Substrates and dye forming compositions for such 
enzymes are well known. 

20 In a particularly preferred embodiment, the label is peroxidase, and at some point in the assay, hydrogen 
peroxide and suitable dye-forming compositions are added to provide a detectable dye. For example, useful 
dye-providing reagents include tetramethylbenzidine and derivatives thereof, and leuco dyes, such as triary- 
llmldazoleleuco dyes (as described In US-A-4,089,747, issued May 16, 1978toBruschl), or other compounds 
which react to provide a dye in the presence of peroxidase and hydrogen peroxide. A particularly useful dye- 

25 providing compositions is described in the examples below. 

Detection of the presence of the probe which Is in the resulting hybridized product can be achieved using 
suitable and known detection equipment and procedures. Certain probes may be visible to the eye without 
the use of detection equipment It Is also useful for the method to be carried out In a suitable container (de- 
scribed below). 

30 It is preferred that prior to hybridization of the predetermined nucleic acid with the probes as described 
above, the predetermined nucleic acid be amplified to increase the numberof molecules vailablefor detection. 

Amplification, as described in more detail in US-A-4,683,202 (noted above), involves a chain reaction for 
producing. In exponential quantities relative to the number of reaction steps Involved, at least one predeter- 
mined nucleic acid. The product will be a discrete nucleic acid duplex with termini con-esponding to the ends 

35 of the specific primers employed. Any source of nucleic acid, purified or not, can be utilized as the starting 
material provided it contains or is suspected of containing the nucleic acid targeted for detection. A mixture of 
nucleic acids can be employed if desired. The predetermined nucleic acid can be a fragment or the entire acid. 
Moreover, more than one nucleic acid can be amplified simultaneously by using a specific set of primers and 
probes for each acid to be amplified. 

40 The present invention is useful for detection of a nucleic acid having two complementary strands. Most 
nucleic acids of Interest already are double-stranded, such as those found in DNA. However, single-stranded 
nucleic acids, such as mRNA, can be similarly detected after it Is converted to a double-stranded sequence 
using reverse transcriptase. 

A specif ic nucleic acid to be reproduced is used as a template. If the acid contains two strands, it is nec- 

45 essary to separate the strands (called denaturation), either as a separate step or simultaneously with the for- 
mation of primer extension products. Denaturation can be accomplished using any suitable physical, chemical 
or enzymatic means as described in the art. Heating to a suitable temperature is a preferred means. 

Once the separated strands are available for use, synthesis of additional nucleic acid strands can be car- 
ried out using two or more primers (at least one of which is labeled as described above) in a buffered aqueous 

50 solution at a pH of from about 7 to about 9. Preferably, a molar excess of t he two primers is added to the buffered 
solution, and specific amounts are taught in the art. The deoxyribonucleoside triphosphates dATP, dCTP, dGTP 
and dTTP are also added to the synthetic mixture in adequate amounts arid the resulting solution is heated to 
about 90>100''C for up to 10 minutes, and preferably from about 1 to about 4 minutes. After this heating, the 
solution is preferably cooled to room temperature, and an appropriate agent for inducing (or catalyzing) the 

55 formation of primer extension products is introduced. This inducing agent is generally known in the art as a 
polymerization agent. Reaction to form these products is carried out under known conditions (generally from 
room temperature to that temperature at which polymerization no longer occurs). 

In one embodiment, the primers used are unlabeled, and detection of amplified product is achieved using 
one or more radio-labeled deoxyribonudeotide triphosphates to form extenston products. 

6 
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The polymerization agent may be any reagent, or combination of reagents, which will function to accomplish 
the synthesis of primer extension products, including enzymes (for example, E. coil DNA polymerase I, T4 DNA 
polymerase, Klenow polymerase, reverse transcriptase and others known in the art). Particularly useful en- 
5 zymes are thermally stable enzymes, cloned or naturally occurring, such as those obtained from various Ther- 
mus bacterial species. Other polymerization agents are described in US-A-4,683,202 (noted above). 

Preferred thermal-stable enzymes are DNA polymerases isolated from from Thermus aquatlcus or pro- 
duced from a genome thereof, such as those described in EP-A-0 258 017 (published March 2, 1988), Other 
useful enzymes are described by Rossi et al, Syst. Appl. Microbiol. 7(2-3). pp. 337-341 , 1 988. Many useful poly- 
10 merases are commercially available. Generally, the synthesis of extension products will be initiated at the 
3' end of each primer and proceed in the 5' to 3' direction along the template until synthesis is terminated. 
Some polymerization agents (for example, reverse transcriptase) may proceed in the 3' to 5' direction along 
the template. 

The newly formed primer extension products comprising the newly synthesized strands and their respec- 
ts tive primers form double-stranded molecules with the initial target strands which are used in the succeeding 
steps of the method. These strands are then separated by denaturation to provide single-stranded molecules, 
onto which new nucleic acids are synthesized as described above. Additional reagents may be needed to keep 
the amplification procedure going, after which most of the extension products will consist of the predetermined 
nucleic acid hybridized to the two primers (that is, as complementary products). 
20 The steps of strand separation and extension product synthesis can be repeated as often as needed to 
produce the desired quantity of the predetermined nucleic add needed for detection. Generally, the sequence 
of steps is repeated at least once, and preferably at least 10 to 30 times. 

At any point in the method of this Invention after the generation of at least one primer extension product, 
that product can be hybridized with a probe, either a capture probe or a detectably labeled probe as described 
25 herein. This contact of probes and extension product can occur simultaneously or sequentially with other hy- 
bridization reactions in the assay. 

It is also useful for the amplification method to be carried out in a suitable container. The most crude con- 
tainer would be a test tube, flask or beaker, but more sophisticated containers have been fashioned in order 
to facilitate automated procedures. For example, a cuvette constructed to provide certain temperature char- 
30 acteristics during the practice of the method is described in U.S. patent application 273,781 (filed Novennber 
21 , 1 988 by Burdick et al) equivalent to EP-A-0 31 8 255. Other useful containers could be suitably fashioned 
for automated or manual use of the method of this invention. 

In order for the complementary product to be detected, it Is Important for the water-insoluble product to 
be separated from the nonimmobilized materials in the reaction medium. This can done by filtration, washing, 
35 centrifugation or other suitable separation techniques. 

Particularly useful separation means are microporous filter membranes such as the polyamide membranes 
marketed by Pall Corp. (for example as Loprodyne™ or Biodyne™ membranes). They can be used uncoated 
or precoated with surfactants or other materials which facilitate the analytical procedures. In one embodiment, 
the membrane is incorporated into the cuvette wherein the detection method occurs. Generally, such mem- 
40 branes have average pore sizes such that substantially all of the probe remains on the surface thereof. Pre- 
ferably, the pore size is from about 1 to about 10 ^m. 

The membranes can be used as a separate substrate with suitable containers for carrying out other steps 
of the assay. Preferably, however. It is mounted as part of a disposable test device. Various test devices are 
known in the art including those described in US-A-3,825,410 (issued July 23, 1974 to Bagshawe), US-A- 
45 3,888,629 (issued June 1 0, 1 975 to Bagshawe), US-A-3,970,42g (issued July 20, 1 976 to Updike) and US-A- 
4,446,232 (issued May 1, 1984 to Liotta). Particularly useful devices are described in U.S. patent application 
96,248 (filed September 18, 1987 by Hinckley et al) equivalent to EP-A-0 308 231. Useful disposable test de- 
vices containing microporous membranes are marketed by Eastman Kodak Company as Surecell*^ test de- 
vices. 

5a The method described herein can be used to provide the detection or characterization of predetermined 
nucleic acids associated with infectious diseases, genetic disorders or cellular disorders such as cancers. It 
may also be used in forensic investigations and DNA tissue typing. For purposes of this invention, genetic dis- 
eases Include specific deletions or mutations In genomic DNA from any organism, such as sickle cell anemia, 
cystic fibrosis, a-thalassemia, p-thalessemia and others readily apparent to one skilled in the art. Various in- 

55 factious diseases can be diagnosed by the presence in a clinical sample of small quantities of specific DNA 
sequences characteristic of the organism, whether it be a yeast, bacterium or virus. Such bacteria which can 
be detected include, but are not limited to. Streptococcus, Salmonella, Chlamydia, Gonorrhea, Shigella and 
Listeria. Viruses which are detectable include, but are not limited to, herpes, rubella, human papilloma virus, 
cytomegalovirus, Epstein barr virus, hepatitis and retroviruses such as HTLV-I and HIV-I. The detection of p- 
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globin DNAfor the determination of sickle cell anenfiia can also be accomplished with this invention. Protozoan 
parasites, yeasts and molds are also detectable. Other detectable species would be readily apparent to one 
skilled in the art. The invention is particularly useful for the detection of the presence of retroviruses, such as 
5 HIV-1, in test samples. In such assays, a probe is used having an oligonucleotide complennentary to a nucleic 
acid sequence of HIV-I DMA, for example a sequence in the gag region. 

The following examples are provided to illustrate, but not limit, the practice of the present invention. All 
percentages are by weight unless otherwise noted. 

Examples 1 and 2 illustrate assays for HIV-I DNA using what is termed a 'Ylow through" procedure whereby 
10 a water-Insoluble probe is immobilized on a filter membrane in a disposable test device. Hybridization with the 
HIV-I DNA target nucleic acid occurs to form a water-insotuble product, followed by washing water-soluble ma- 
terials through the filter membrane. The water-insoluble product remaining on the membrane is detected on 
its surface. 

Example 3 illustrates an assay for HIV-I DNA and p-globin DNA using what is termed a 'flow by" procedure 
15 whereby two water-insoluble probes are immobilized on a solid substrate having substantially no porosity. Hy- 
bridization of the probes with the HIV-I DNA and p-globin DNA target nucleic adds occurs to form water-in- 
soluble products. 

Water-soluble materials are washed away over the substrate and the remaining water-insoluble hybrid prod- 
ucts are then detected on the substrate surface. 

20 

Example 1: Preparation of Nucleic AcM Test Artide and Its Use in Detection of HIV-I DNA Fragment 
Materials: 

25 A leuco dye solution was prepared containing 2-(4-hydroxy-3,5-dinr)ethoxyphenyl)-4,5-bis(4-methoxyphe- 
nyl)imidazole as follows: 

Solid leuco dye (to make a 0.1% solution) was dissolved in a solution of 20 weight % poly(vinylpyrrolidone) 
in sodium phosphate buffer (5 mmolar). This solution was then added to a solution containing hydrogen per- 
oxide (1 0 mmolar), 4'-hydroxyacetanil ide electron transfer agent (5 mmolar) and diet hylenetriaminepentaacetic 
30 acid chelating agent (10 ^molar) in sodium phosphate buffer to produce a final concentration of 1% 
poly(vinylpyrrolldone) and 0.005% leuco dye. 

Succlnylated casein was prepared by reacting casein with an equal weight of succinic anhydride for four 
hours at 25°C, then purifying the product by dialysis. 

The predetermined DNA fragment detected in the example was a 180 nucleotide segment of thegagregbn 
35 (core protein) of the HIV-I genome cloned into a derivative of Ml 3 vector and prepared using standard proce- 
dures. 

The primers used in the amplification of the predetermined DNA strands had the following nucleotide se- 
quences using the standard abbreviations for adenine (A), guanine (G), thymine (T) and cytosine (C): 

^ 5 '-X-"TTTGGTCCTTGTCTTATGTCCAGAATGC~3 ' and 

5 '-ATAATCCACCTATCCCAGTAGGAGAAAT-S • 

wherein X represents a biotintetraethylene glycol molecule, prepared and attached by procedures described 
45 inWO-A-89/02931. 

DNA polymerase was isolated from Thermus aquaticus according to the procedures described in EP-A-0 
258 01 7 (1 unit corresponds to 1 0 mmoles of dNTP incorporated into the primer extension product in 30 minutes 
at 37°C). 

Astreptavldin-horseradish peroxidase conjugate was obtained from Zymed Labs (San Francisco), and was 
50 diluted 1:8000 with a phosphate buffered saline solution containing casein (0.5%), 3-(N-morpholino)-propane- 
sulfonic acid buffer (1 00 mmolar, pH 7.5) and preservative (0.01%). The final conjugate concentration was 156 
ng/ml. The phosphate buffered saline solution contained sodium phosphate (25 mmolar, pH 7.3) and sodium 
chloride (75 mmolar). 

55 Preparation of Probe: 

A water-insoluble probe used in the example was prepared in the following manner. 
Polymerte particles (2 ^meters) comprised from poly(styrene-^acrylic acid)(97.5:2.5 molar ratio) using 
standard latex polymerization procedures, then stored as a suspension (0.45% solids) in glycine buffer (0.1 
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molar, pH 8.5). 

An oligonucleotide complementary to the predetermined HIV-I DNAtarget sequence was used to prepare 
the probe. It had the following sequence: 
5 5'-X-ATCCTGGGATTAAATAAAATAGTAAGAATGT-3' 

wherein X represents an amino group attached to the probe through a polyethyleneglycol spacer, as described 
in WO 89/02932. 

The suspension of polymeric particles was washed twice with 2-(N'morpholino)ethanesulfonic acid buffer 
(0.1 nnolar, pH 6). A sample of particles (30 ^g) in 2-(N-morpholino)ethanesulfonicacid buffer (1 ml) was mixed 
10 with 1-(3-dlmethylaminopropyl)-3-ethylcarbodilmid6 hydrochloride (0.15 ml of 100 mg/ml in the same buffer) 
and the oligonucleotide (0.0288 ml of 57.3 OD/ml nanopure water. 1.65 OD units). The resulting mixture was 
rotated end-over-end at 20-25''Cfor 15 hours, centrifliged, and the particles were washed three times with 
nanopure water and resuspended therein (0.45% solids). 

Three different concentrations of the resulting water-insoluble probe were prepared: 
15 Probe A: 334 picomoles probe/mg particles, 

Probe B: 835 picomoles probe/mg particles, and 

Probe C: 1670 picomoles probe/mg particles. 

The water-insoluble probe described above (1 ^1 of 0.45% suspension) was deposited in a defined region 
(less than about 2 mm^) of each of several microporous membranes (Biodyne™ A nylon membranes coated 
20 with Ig/m^ succinylated casein) located in test wells of Surecell^ disposable test devices (Eastman Kodak 
Co.). The probe suspension was allowed to dry for about 30 minutes at room temperature. The resulting test 
articles were then used in the assay described below. 



25 



Assay Procedure: 



To a buffer solution containing tris(hydroxymethyl)aminomethane buffer (10 mmoiar, pH 8), potassium 
chloride (50 mmoiar), magnesium chloride (10 mmoiar) and gelatin (10 ^) were added the primers described 
above (100 pmoles of each), dNTPs (1.5 mmoiar of each), the polymerase described above (7.5 units) and 
human placenta DMA (Sigma, 1 iig). In addition, the DNAtarget (10-^^ molar) described above was added, and 
30 t he total volume was 1 00 ^1. 

A control (100 \x\) was prepared containing human placenta DNA(10 ^g/ml) containing the p-globin gene 
as target, and the appropriate primers, specific for p-globin DNA which are known in the art, one primer being 
blotinyiated. 

Each solution described above was placed into a polypropylene microcentrifuge tube, primer extension 
35 products were formed, and amplification promoted using 30 consecutive thermal cycles as follows: 

70''C rising to 95°C 1 minute 

OS^'C 0.5 minute (denature) 

95*^0 lowering to 55^C 1.25 minutes 

55''C 0.5 minute (hybridize) 

40 55*^0 rising to 70°C 0.75 minute 

70*^0 1 minute (extend) 

After amplification through the 30 thermal cycles, 5 ^1 aliquots of each mixture were added to a solution 

(95 }xl) containing tris(hydroxymethyl)amlnomethane buffer(10 mmoiar, pH 8), potassium chloride (50 mmoiar), 

magnesium chloride (10 mmoiar) and gelatin (1 iig/IO ml solution), heat denatured (5 minutes at 95''C), then 
45 added to the test wells of the Surecell^ test devices described above (about 95 \i\ of each solution in each 

well). 

Tape was placed over each well to seal them, and the devices were incubated at 42^*0 for 5 minutes to 
hybridize the amplified HIV-I DNA fragment to the water-insoluble probe immobilized in the test wells. The tape 
was then removed off each test well, followed by washing with a buffered solution (250 ^1) containing phosphate 
50 buffer (10 mmoiar, pH 7.4), sodium chloride (1 50 mmoiar), ethylenediaminetetraacetic add (1 mmoiar) and so- 
dium decyl sulfate (1%) at 55''C. 

The peroxidase conjugate described above (50 )il, 7.8 ng) was added to each test well, and the devices 
were incubated at room temperature for 2 minutes. A second wash (250 ^l) was carried out using the buffered 
solution noted above. The leuoo dye solution (100 (il) was add^d to each test well followed by another incu- 
55 bation at room temperature for 2 minutes. The resulting dye-forming reaction was stopped by the addition of 
sodium azide (100 ^1 of 0.1%), and the resulting dye was observed on the membranes. 

The results were graded visually on a scale of 0 to 5, with zero being no density and 5 being the highest 
density. The results in the following table are the average of two separate readings for each probe concentra- 
tion. 
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No signal was observed in the test devices to which the confa-ol solution was added. Background values 
were obtained from density readings on the membrane areas where there was an absence of water-insoluble 
probe. 

TABLE 

Pve Density 

Pyobe Test Test Samplg BackgrounH 

Probe A 3.65 0.25 

Probe B 3.5 0 

Probe C 3.35 0 

Examples 2: HIV-I DNA Detection 

This example demonstrates the detection of HIV-I DNA using a microporous filtration membrane as the 
substrate on which probes are immobilized. 

Materials and Methods: 

Polymeric particles comprising poly[styrene-co-m & 2-(2-chloroethylsulfonylmethyl)-styrene] (95.5:4.5 
molar ratio, 2.2 ^m average size) were prepared by the methods described in U.S.S.N. 081,206 (filed August 
3, 1987 by Sutton et al) equivalent to EP-A-0 323 692. 

Casein was attached to these particles in the following manner: A solution of casein (Sigma Chemical, 4.94 
ml of 2.57 mg/ml in 0.05 molar borate buffer, pH 8.5), thimerosal (0.01 %) and the noted suspension of polymeric 
particles (17.7 ml in borate buffer. 0.0637 g/ml) was rotated end-over-end for 16 hours at room temperature. 
The mixture was then centrifuged and the buffer solution was discarded. The resulting pellet was resuspended 
in glycine buffer (0.1 molar, 50 ml, pH 8.5) and thimerosal (0.01%). This mixture was centrifuged, and the re- 
sulting pellet was resuspended in glycine buffer (250 ml) to 0.45% solids. 

A sample of the particle suspension (50 ml) containing 2.54 g of particles was washed three times with 
borate buffer (10 ml, 0.05 molar, pH 8.5), mixed with succinic anhydride (Sigma Chemical, 0.762 ml) in a sol- 
ution of dimethyl sulfoxide (10 mg/ml) and allowed to react for four hours at room temperature. The mixture 
was centrifuged and the solution discarded. The resulting pellet was washed three time with glycine buffer (50 
ml, 0.01 molar, pH 8.5), and resuspended in glycine buffer to 0.45% solids. 

Asuspension of the particles (15 ml, 0.0045 g/ml) in glycine buffer was centrifuged, and the pellet resus- 
pended in 2-(N-morpholino)ethanesulfonic acid buffer (0.1 molar, pH 6). This procedure was repeated twice 
and the resulting pellet was mixed with 1-(3-dimethylaminopropyl)-3-ethytcarbodiimide hydrochloride (0.338 
ml of a solution of 100 mg/ml in the same buffer) and the oligonucleotide (0.654 ^l of a solution of 5.73 OD/ml 
of buffer) having the sequence noted below. This suspension was rotated end-over-end for sixteen hours at 
room temperature and centrifuged, and the pellet was resuspended in nanopure water (15 ml). This centrifuging 
procedure was repeated three times, and the resulting pellet was suspended in water to provide a 0.45% solid 
suspendion of water-insoluble probe. 

The oligonucleotide had the sequence (using standard abbreviations for the bases): 
5'-ATCCTGGGATTAAATAAAATAGTAAGAATGT-3' 

Assay: 

The assay for HIV-i DMA was carried out according to the procedure described in Example 1 . The water- 
insoluble probes was deposited in a defined region of a microporous membrane and allowed to dry as noted 
in that Example. 

The amount of dye formed on the membrane in the assay was visually graded on a scale of from 0 to 5 
(zero being no density and 5 being the highest density). The background value was obtained from a density 
reading on the membrane area where no water-insoluble probe was present. The dye density reading for the 
assay was determined to be about 4.8 while the background density was about 0.5. 
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Example 3: Determination of HIV-I DNAand p-Globin DNA 

This example demonstrates an assay for HIV-I DNA and p-globin DNA using a substantially nonporous, 
uncoated paper as the substrate on which two water-insoluble probes are immobilized. 



Eppendorf tubes and a heater were obtained from Eppendorf Corporation. 

Ektamate™ thermal print paper (noncoated) was obtained from Eastman Kodak Company and used as 
the substantially nonporous. uncoated paper substrate. 

The HIV-I primers were the same as those described in Example 1 above. 
The p-globin DNA primers had the following sequences: 



wherein X is a biotin molecule prepared and attached as described above in Example 1 for the HIV-I primers. 
The p-globin DNA probe had the following sequence: 
5'-X-CTCAAACAGACACCATGGTGCACCTGACTC-3* 
wherein X is the same as described for the HiV-l DNA probe. 

The probes and primers were prepared using standard phosphoramidite chemistry, purified by high pres- 
sure liquid chromatography and characterized by standard sequencing procedures. 

Awater-insoluble probe for HIV-I DNA was prepared as described In Example 1 above using particles com- 
posed of poly(styrene-co-acrylic acid)(95:5 molar ratio, 2 ^m). The probe (2 ^1 of a 0.45% suspension) was 
deposited on a defined region (2 mm diameter spot) of Ektamate™ thermal print paper (about 19x8 mm In 
size), and allowed to dry at room temperature. The p-globin probe DNA was similarly prepared and deposited 
in a separate region (2 mm diameter) of the same paper substrate. 

The paper substrate was then affixed to one side of a plastic material (a laminate of a polyester with either 
polyethylene or polypropylene). The other side of the plastic material was sealed with heat onto the first side 
to form an enclosed pouch. This pouch contained an inlet pipette tip for injecting fluids into the pouch for even- 
tual contact with the probe therein, and an outlet means to allow fluids to exit the pouch. Ruid reagents were 
then forced into the pouch to be in contact the probe before exiting the pouch. 

A reaction mixture (100 \i\ total volume) for polymerase chain reaction comprised: 
tris(hydroxymethyl)aminomethane buffer (10 mnrK)lar, pH 8.3), 
potassium chloride (50 mmolar), 
magnesium chloride (10 mmolar), 
dNTPs (1 .5 mmolar of each), 
primers (1 ^molar), * 
gelatin (0.01%), and 

DNA polymerase isolated from Thermus aquaticus (7.5 units). 
The HlV-l DNA target nucleic acid was M13/HIV(a 180 base pair segment of HIV-I cloned into M13 DNA 
phage) or HUT cell line DNA (a cell line that contains a single integrated copy of the HIV-I genome). The p- 
globin target nucleic acid was human placental DNA which is assumed to contain two copies of the p-globin 
gene per cell. 



A solution of both HIV-I and p-globin targets (10 nl. about 10-^® molar each) and the polymerase chain re- 
action mixture (1 00 ^1) were added to Eppendorf tubes in an Eppendorf heating unit and subjected to polymer- 
ase chain reaction for 30-33 cycles using the protocol: Incubation at 9&*C for 30 seconds (denaturatlon), in- 
cubation at SS^'C for 30 seconds (hybridization) and incubation at 70**C for 1 minute(polymerization). 

A portion (10 ^1) of the solution containing amplified target nucleic acids was then diluted with a buffer 
solution (130 ^1) comprising tris(hydroxymethyl)aminomethane buffer (10 mmolar, pH 8.3), potassium chloride 
(50 mmolar), magnesium chloride (10 mmolar) and gelatin (0.01%). The resulting solution was then heated in 
an Eppendorf tube at gs^'C for 5 minutes to denature the double stranded target nucleic acids. The heated sol- 
ution was transferred to a pipette and injected into the pouch described above in a manner to insure even cov- 
erage of the thermal paper surface having the immobilized probes. The pouch was then incubated at 42*'C 
for 5 minutes to anneal the corresponding probes to the respective single stranded HIV-I and p-globin nucleic 
acid targets. The fluid was removed from the pouch by either forcing the liquid out with air pressure or drawing 



l\4aterials: 



5'-^X-ACACAACTGTGTTCACTAGC-3' and 
5 •-CAACTTCATCCACGTTCACC-3 • 



Assav: 
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off the fluid using a syringe. 

Awash solution was injected into the pouch twice. This solution comprised: 250 ^i of a buffer solution com- 
prising sodium dihydrogen phosphate (10 mmolar, pH 7.4). sodium chloride (150 mmolar) and ethylenediami- 

5 netetraacetic acid (1 mmolar), and decyl sulfate (1 %), and had been preheated to 55^C. The fluid was removed 
after the second wash, and the streptavidin-horseradish peroxidase conjugate of Example 1 (200 was then 
injected into the pouch which was then incubated at room temperature for two minutes. The fluid was then 
removed and the leuco dye solution noted above (200 ^1) was injected into the pouch followed by another in- 
cubation at room temperature for 1-2 minutes. Finally, the fluid was rennoved. A solution of sodium azide (200 

10 \i\ of 0.1% solution) was Injected into the pouch to stop the reaction and the dye present on the thermal paper 
was visually graded on a scale from 0 to 5 with 5 representing the highest dye density. Background readings 
were taken from regions of the paper having no immobilized probe. The dye density reading for the HIV-I DNA 
and p-globin DNA targets were 3.8 and 4.2, respectively, while the background reading was 0.5. 



IS 
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Claims 



1. A nucleic acid test article comprising a substrate having at least first and second opposing surfaces, and 
having affixed in at least one distinct zone of at least one of said opposing surface, a water-insoluble nu- 
20 deic acid probe, 

said probe comprising an oligonucleotide complementary to a predetermined nucleic acid, which 
oligonucleotide is covalently attached to a water-insoluble particle, and substantially none of said probe 
being embedded within said opposing surface. 

25 2. The test article of claim 1 wherein said substrate Is a porous membrane having an average pore size such 
that substantially all of said probe remains on the surface thereof. 

3. The test article of daim 1 wherein said substrate is a substantially nonporous, noncoated paper. 

^ 4. The test article of daim 1 wherein said substrate is a polymeric film. 

5. The test article of daim 1 having a multiplicity of water-insoluble probes, each probe affixed in a distinct 
zone on said opposing surface, and each probe comprising an oligonucleotide complementary to a distinct 
predetermined nucleic acid. 

^ 6. The test article of daim 1 disposed in a self-contained test device. 

7. The test artide of daim 1 wherein said water-lnsduble partide Is a polymeric partide having a diameter 
of from about 0.1 to about 10 ^m. 

40 8. The test article of daim 1 wherein said immobilized probe comprises an oligonucleotide complementary 
to HIV-I DNA. 

9. The test article of claim 1 wherein each of said distinct zones comprises an area of firom about 1 to about 
30 mm2 



1 0. A test artide comprising a microporous membrane having affixed in at least one distinct zone of one sur- 
face of sard membrane, a water-insoluble nucleic acid probe. 

said probe comprising an oligonucleotide complementary to HiV-i DNA, which oligonucleotide is 
covalently attached to polymeric particles having an average diameter of from about 0.1 to at>out 10 {im, 
substantially none of said prove being embedded within said membrane surface. 

11. The test article of claim 10 wherein said probe is affixed to said membrane surface in more than one dis- 
tinct zone thereof. 

12. The test article of daim 1 0 wherein said membrane has been precoated with succinylated casein. 

13. The test article of claim 1 0 wherein said probe oligonudeotide is complementary to a nucleotide segment 
of the gag region of IHIV-I genome. 

14. A method for the detection of a predetermined nucleic acid, said method comprising: 

12 
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A. contacting a specinfien suspected of containing a predetermined nucleic acid with a nucleic acid test 
article comprising a substrate having at least first and second opposing surfaces, and having affixed 
In at least one distinct zone of at least one of said opposing surface, a water-insoluble nucleic acid 
5 probe, 

said probe comprising an oligonucleotide complementary to a first nucleic acid sequence of said 
predetermined nucleic acid, which oligonucleotide is covalently attached to a water-insoluble particle, 
and substantially none of said pnDbe being embedded within said opposing surface, 

to form a hybridized product of predetermined nucleic acid and said water-insoluble probe, 
10 B. prior to, simultaneously with or subsequently to step A, contacting said specimen with a detectably 

labeled probe which is complementary to said predetermined nucleic acid to form an immobilized sand- 
wich product of said predetermined nucleic acid hybridized with both said water-insoluble probe and 
labeled probe, 

C. separating said Immobilized sandwich product from nonimmobilized materials, and 
15 D. detecting said immobilized sandwich productas an indication of the amount of predetermined nucleic 

acid in said specimen. 

15. The method of daim 14 for the detection of a multiplicity of predetermined nucleic acids wherein said test 
article comprises a multiplicity of water-insoluble probes, each probe affixed in a distinct zone on said 
20 opposing surface, and each probe comprising an oligonucleotide complementary to a distinct predeter- 

mined nudeic acid. 

18. The method of claim 14 wherein said water-insoluble probe comprises an oligonucleotide complementary 
to HIV-I DNA. 



25 



1 7. The method of daim 14 wherein each of said distinct zones on said test artide has an area of from about 
1 to about 30 mm^. 



18. A method for the detection of a predetermined nucleic acid, said method comprising: 

A. amplifying a predetermined nucleic acid found in a specimen in the presence of complementary pri- 
^ mers, deoxyribonudeotide triphosphates and a polymerization agent, 

B. contacting said amplified predetermined nucleic acid with a nucleic acid test article comprising a 
su bstrate having at least first and second opposing surfaces, and having affixed in at least one distinct 
zone of at least one of said opposing surface, a water-insoluble nucleic acid probe. 

said probe comprising an oligonucleotide complementary to said predetermined nucleic acid, 
which ollgonudeotide is covalently attached to a water-insoluble particle, and substantially none of said 
probe being embedded within said opposing surfece, 

to form an immobilized hybridized product of predetermined nudeic acid and said water-insdu- 
ble probe, 

C. separating said immobilized product from nonimmobilized materials, and 

^ D. detecting said immobilized product as an indication of the amount of predetermined nudeic acid in 

said specimen. 

19. The method of daim 18 wherein at least one of said primers used in step A is detectably labeled. 

45 20. The method of claim 18 wherein said immobilized product Is detected using a second probe which is de- 
tectably labeled. 

21. The method of daim 18 carried out in a self-contained test device. 



gQ 22. The method of daim 18 wherein said substrate is a micropoious filtration membrane. 

23. The method of claim 18 wherein said substrate is a substantially nonporous, noncoated paper. 

24. The method of daim 18 wherein said water-insoluble particle is a polymeric particle having a diameter of 
less than about 5 um. 

55 

25. A method for the detection of HIV-I DNA, said method comprising: 

A. amplifying HIV-I DNA found in a biological specimen in the presence of complementary primers, de- 
oxyribonudeotide triphosphates and a polymerase derived from Thermus aquaticus , 
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B. contacting said amplified HI\AI DNA with a nucleic acid test article comprising a microporous menrt- 
brane having affixed In at least one distinct zone of one surface of said membrane, a water-insoluble 
nucleic acid probe, 

said probe comprising an oligonucleotide complementary to HIV-I DNA, which oligonucleotide 
is covalentiy attached to polymeric particles having an average diameter of from about 0.1 to about 5 
^m, substantially none of said prove being embedded within said membrane surface, 

to form an immobilized hybridized product of HIV-I DNA and said water-insoluble probe, 

C. separating said immobilized product from nonimmobilized materials, and 

D. detecting said Immobilized product as an indication of the amount of HIV-I DNA in said specimen. 

26. The method of claim 25 wherein at least one primer is biotinylated, and detection of said immobilized prod- 
uct is accomplished by contacting it with a conjugate of avidin and an enzyme. 

27. The method of claim 26 wherein said conjugate comprises peroxidase, and contact of said conjugate and 
product is followed by contact of the product with a leuco dye composition which provides a dye In the 
presence of hydrogen peroxide and peroxidase. 



Patentanspruche 

1. Nukleinsaure-Testmittel mit einem Substrat mit mindestens einer ersten und einer zweiten Oberflache, 
die sich einander gegenubertiegen, wobei in mindestens einer ausgepragten Zone mindestens einer der 
einander gegenuberllegenden Oberflichen ein wasserunldslicher Nukleinsaure-Sucher befestigt ist, 
wobei der Sucher ein Oligonukleotid aufweist, das komplementar bezuglich einer vorbestlmmten Nukle- 
insaure ist, wobei das Oligonukleotid kovalent an ein wasserunldsliches Teilchen gebunden ist und wobei 
praktisch nichts von dem Sucher innerhalb der gegenuberllegenden Oberflache eingelagert ist. 

2. Testmittel nach Anspruch 1, dessen Substrat eine pordse Membran mit einer durchschnitUichen Poren- 
grSde derart ist, daH praktisch der gesamte Sucher auf der Oberf ISche verbleibt. 

3. Testmittel nach Anspruch 1 , dessen Substrat ein praktisch nicht poroses, nicht beschlchtetes Papier ist. 

4. Testmittel nach Anspruch 1 , dessen Substrat eine polymere Folie Ist 

5. Testmittel nach Anspruch 1 miteinerVielzahlvonwasserunldslichenSuchern, wobei jeder Sucher in einer 
ausgepragten Zone auf der Oberfliche befestigt ist und jeder Sucher ein Oligonukleotid aufweist, das 
komplementar gegenuber einer bestimmten, vorbestimmten NukleinsSure ist. 

6. Testmittel nach Anspruch 1 , das In einem In sich abgeschlossenen TestgerSt vorliegt: 

7. Testmittel nach Anspruch 1 , dessen wasserunldsliches Teilchen ein Polymerteilchen mit einem Durch- 
messer von etwa 0,1 bis etwa 1 0 pm ist. 

8. Testmittel nach Anspruch 1 , In dem der Immobilisierte Sucher ein Oligonukleotid aufweist, das komple- 
mentar bezuglich HlV-l DNA ist. 

9. Testmittel nach Anspruch 1, in dem jede ausgeprSgte Zone einen Bereich von etwa 1 bis etwa 30 mm^ 

umfaf^t. 

10. Testmittel mit einer mikroporosen Membran, die in mindestens einer ausgepragten Zone einer Oberflache 
einen wasserunsldslichen NukleinsSure-Sucher gebunden aufweist, 

wobei der Sucher ein Oligonukleotid aufweist, das bezuglich HIV-I DNA komplementar ist, wobei das 
Oligonukleotid kovalent an Polymerteilchen gebunden ist, die einen mittleren Durchmesser von etwa 0,1 
bis etwa 10 fim aufweisen, wobei praktisch nichts des Suchers innerhalb der Membranoberfldche einge- 
lagert ist. 

11. Testmittel nach Anspruch 1 0, dessen Sucher an die Membranoberfl§che in mehr als einer ausgeprigten 
Zone befestigt ist 

12. Testmittel nach Anspruch 10, in dem die Membran mit succinyliertem Kasein voibeschichtet ist 
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13. Testmittel nach Anspruch 10, indemdasSucher-Oligonukldotidkomplementargegenubereinem Nukleo- 
tid-Segmentdes gag-Bereiches des HIV-l-Genoms ist. 

14. Verfahren zur Bestimmung einer vorbestimmten Nukleinsaure, bei dem man: 

A. eine Probe, von der angenommen wind, dad sie eine vorbestimmta Nukleinsaure aufweist, mit einem 
Nukleinsaure-Testmittel in Kontakt bringt, das aufweist ein Substrat mit mindestens einer ersten und 
einerzweiten Oberflache, die sich einander gegenuberliegen, und das in mindestens einer ausgeprag- 
ten Zone mindestens einer der einander gegenuberliegenden Oberflachen einen wasserunloslichen 
Nukleins§ure-Sucher gebunden aufweist, 

wobei der Sucher ein Oligonuldeotid aufweist, das komplementar bezuglich einer ersten Nukleinsau- 
resequenz der vorbestimmten Nukleinsaure ist, wobei das Oligonukleotid kovalent an ein wasserun- 
I5sliches Teilchen gebunden ist und wobei praktisch nichts des Sucheis innerhalb der gegenuberlie- 
genden Oberflache eingelagert ist, 

unter Bildung eines hybridisierten Produktes von vorbestimmter Nukleinsaure und dem in Wasser un- 
Idslichen Sucher, 

B. bei dem man vor, gleichzeitig mit oder nach der Stufe A die Pn^be mit einem bestimmbar markierten 
Sucher in Kontakt bringt, der komplementar bezuglich der vorbestimmten Nukleinsaure ist, unter Bil- 
dung eines immobilisierten Sandwich-Produktes aus der vorbestimmten Nukleinsaure, die mit sowohl 
dem wasserunloslichen Sucher wie auch mit dem markierten Sucher hybridisiert ist, 

C. bei dem man das immobilisierte Sandwich-Produkt von nichtimmobilisierten Materialien trennt und 
bei dem man 

D. das immobilisierte Sandwich-Produkt bestimmt, als Ma& der Menge an vorbestimmter Nukleinsaure 
in der Probe. 



15. Verfahren nach Anspruch 14 zur Bestimmung einer Mehrzahl von vorbestimmten Nukleinsauren. wobei 
das Testmittel eine Vielzahl von wasserunl5slichen Suchern aufweist, wobei jeder Sucher in einer aus- 
geprSgten Zone der Oberflache befestigt ist, und wobei Jeder Sucher ein Oligonukleotid aufweist, das 
komplementar gegenuber einer ausgepragten, vorbestimmten Nukleinsaure ist. 

16. Verfahren nach Anspruch 14, bei dem der wasseruntosliche Sucher ein Oligonukleotid aufweist, das kom- 
plementar bezQglich HIV-I DNA ist. 

1 7. Verfahren nach Anspruch 1 4, bei dem jede der ausgepragten Zonen des Testmittels eine Flache von et wa 
1 bis etwa 30 mm^ einnimmt. 



18. Verfahren zur Bestimmung einer vorbestimmten Nukleinsaure, bei dem man: 

A. eine vorbestimmte Nukleinsaure, die man in einer Probe ermittelt hat, in Gegenwart von komple- 
mentaren Primern, Deoxyribonukleotidtriphosphaten und einem Polymerisationsmittel verstarkt, 

B. die verstarkte, vorbestimmte NukleinsSure mit einem NuklelnsSure-Testmittel in Kontakt bringt, das 
ein Substrat mit mindestens einer ersten und einer zweiten Oberflache aufweist, die sich einander ge- 
genuberiiegen und das in mindestens einer ausgepragten Zone mindestens einer der einander gegen- 
uberliegenden OberflSchen einen wasserunloslichen Nukleinsaure-Sucher gebunden aufweist, 
wobei der Sucher ein Oligonukleotid aufweist, das komplementar bezuglich der vorbestimmten Nukle- 
insaure ist, wobei das Oligonukleotid kovalent an ein wasserunlosliches Teilchen gebunden ist und wo- 
bei praktisch nichts des Suchers innerhalb der gegenuberliegenden Oberflache eingelagert ist, 
unter Bildung eines immobilisierten hybridisierten Produktes aus vorbestimmter NukleinsSure und dem 
wasserunl5s1ichen Sucher, bei dem man 

C. das immobilisierte Produkt von den nicht-immobilisierten Materialien trennt und bei dem man 

D. das immobilisierte Produkt als Ma& der Menge an vorbestimmter NukleinsSure in der Probe ermittelt. 

19. Verfahren nach Anspruch 1 8, bei dem mindestens einer der Primer, die in Stufe A verwendet werden, in 
bestimmbarer Weise markiert ist. 

20. Verfahren nach Anspruch 18, bei dem das immobilisierte Produkt unter Verwendung eines zweiten Su- 
chers ermittelt wird, der in bestimmbarer Weise markiert ist. 

21. Verfahren nach Anspruch 18, das in einem in sich abgeschlossenen Testgerat durchgefuhrt wird. 

22. Verfahren nach Anspruch 18, bei dem das Substrat eine mikropordse Filtrationsmembran ist. 
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23. Verfahren nach Anspruch 1 8, bei dem das Substrat ein praktisch nicht pordses, nicht beschichtetes Papier 
ist. 

24. Verfahren nach Anspruch 18, bei dem das wasserunlosliche Teilchen ein Polymerteilchen mit einem 
Durchmesser von weniger als etwa 5 ist. 

25. Verfahren zur Bestimmung von HIV-I DNA, bei dem man: 

A. HIV-I DNA, die man In einer biologischen Probe gefunden hat, in Gegenwart von komplementaren 
Primern, Deoxyribonukieotidtriphosphaten und einer Polymerase, die sich von Thermus aquaticus ab- 
leitet, verstarkt, bei dem man 

B. die verstarkte HIV-I DNA mit einem NukleinsSure-Testmittel in Kontakt bringt, das aufweist eine mi- 
kroporose Membram mit einem in mindestens einer ausgeprSgten Zone einer OberflSche der Membran 
befestigten wasserunloslichen Nukleinsaure-Sucher, 

wobei der Sucher ein Oligonukleotid aufweist, das komplementSr gegeniiber HIV-I DNAist, wobei das 
Oligonukieotid kovalent an Polymerteilchen gebunden ist, die einen mittleren Durchmesser von etwa 
0,1 bis etwa 5 \itn aufweisen, wobei praktisch nichts des Suchers innerhalb der Membranoberf lache 
eingelagert ist, 

unter Erzeugung eines immobilisierten hybridisierten Produktes von HIV-I DNA und dem wasserun- 
loslichen Sucher, bei dem man 

C. das immobilisierte Produkt von nicht-lmmobilisierten Materialien trennt und bei dem man 

D. das immobilisierte Produkt als Ma& der Menge von HIV-I DNA in der Probe bestimmt 

26. Verfahren nach Anspruch 25, bei dem mindestens ein Primer biotinyliert ist und bei dem das immobilisierte 
Produkt durch Kontaktieren mit einem Konjugat von Avidin und einem Enzym bestimmt wird. 

27. Verfahren nach Anspruch 26, be! dem das Konjugat Peroxidase aufweist und bei dem sich an den Kontakt 
des Konjugates mit dem Produkt ein Kontakt des Produktes mit einer Leukofarbstoff-Zusammensetzung 
anschlie&t, die einen Farbstoff in Gegenwart von Wasserstoffperoxld und Peroxidase liefert. 




Revendicatlons 

1. Article de test pour acides nud^Tques comprenant un substrat ayant au nrwins une premidre face et une 
seconde face, oppos^e ^ la premiere, et un d^tecteur d'acides nucl6Tques insoluble dans i'eau, f ixd dans 
au moins une zone distincte d'au moins une des faces oppos^es, 

le d6tecteur comprenant un oligonucleotide compl6mentaire d'un acide nuci6%iue pr6d6ter min6 qui 
est lie de fagon covalente k une particule insoluble dans Teau, ce d6tecteur n'^tant pratiquement pas en- 
castre dans la face oppos^e. 

2. Article de test selon la revendication 1 , dans lequel le substrat est une membrane poreuse avec une taille 
moyenne de pores telle que pratiquement tout le d^tecteur reste en surface. 

3. Article de test selon la revendication 1, dans lequel le substrat est un papier non rev§tu, pratiquement 
non poreux. 

4. Article de test selon la revendication 1, dans lequel le substrat est un film polym^re. 

5. Article de test selon la revendication 1, comprenant plusleurs detecteurs insolubles dans Teau, chaque 
ddtecteur etant fixe dans une zone distincte sur la face opposee, et chaque detecteur comprenant un oli- 
gonucleotide compiementaire d'un acide nudeTque predetermine distinct 

6. Article de test selon la revendication 1, formant un dispositif de test autonome 

7. Article de test selon la revendication 1, dans lequel la particule insoluble dans I'eau est une particule po- 
lymere ayant un diametre compris entre environ 0,1 et environ 10 (im. 

8. Article de test selon la revendication 1 , dans lequel le detecteur immobilise comprend un oligonucleotide 
compiementaire du HIV-I DNA. 

9. Article de test selon la revendication 1 , dans lequel la surface de chacune des zones distinctes est comprt- 
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se entre environ 1 et environ 30 mnn^ 



10. Article de test comprenant une membrane microporeuse sur laquelle est f Ixto dans au moins une zone 
distincte d'une face de la membrane, un d^tecteur d'acides nucl6i'ques Insoluble dans Teau, 

ce d^tecteur comprenant un ollgonucl^tide compl^mentaire du HIV-I DNA, qui est li^ de fagon co- 
valente d des particules polym^res ayant un diam^tre moyen compris entre environ 0,1 et environ 1 0 )im, 
le d§tecteur n'6tant pratiquement pas encastrd dans la face de la membrane. 



11. Article de test selon la revendication 10, dans lequel le d^tecteur est fixd sur la face de la membrane par 
rinterm^diaire de plus d'une zone distincte. 

12. Article de test selon la revendication 10, dans lequel la membrane a 6t6 pr6-rev§tue avec de la cas^Tne 
succinyl6. 

13. Article de test selon la revendication 10, dans lequel le nud^tide du d^tecteur est compl^mentalre d'un 
segment de nucltotides de la region gag du genone HIV-I. 

14. M6thode pour detector un acide nucl^Tque pr6d§termin6, qui consiste ^ : 

A. mettre en contact un ^chantillon susceptible de contenir un acide nucl6Tque pr6d6temiin6 avec un 
article de test pour acides nucl6Tques comprenant un substrat ayant une premiere et une seconde face 
oppos^e d la premiere, et ayant un d^tecteur d'acides nucl^i'ques insoluble dans Teau fix6 dans au 
moins une zone distincte d'au moins une face oppos6e, pour former un prodult hybrlde immobills6 cons- 
titu6 de racide nud^ique pr^§termin6 et du d6tecteur insoluble dans Teau, le d^tecteur comprenant 
un oligonucl^tide compl6mentaire d'une premiere s^uence d'acides nucl^Fques de I'acide nucl6ique 

^ pr4d6termin6, 1'ollgonucltotide 6tant 116 de fagon covalente d une particule Insoluble dans I'eau, et le 

ddtecteur n'6tant pratiquement pas encastr6 dans la face opposde. 

B. avant, pendant ou aprds I'^tape A, mettre en contact I'^chantillon avec un d^tecteur marqu4 detec- 
table compldmentaire de I'acide nucldVque predetermine, pour former un produit sandwich immobilise 
constitue de I'acide nudeTque predetermine hybrlde avec le detecteur insoluble dans I'eau et avec le 

^ detecteur marque. 

C. separer le produit sandwich immobilise des materiaux non-immobilises, et 

D. detecter le produit sandwich immobilise, ce qui indique la quantite d'acide nucieique dans rechan- 
tillon. 

35 15. Methode selon la revendication 14, pour la detection de plusieurs acides nudeVques predetermines dans 
laquelle I'artide de test comprend plusieurs detecteurs insolubles dans I'eau, cheque detecteur etant fixe 
dans une zone distincte de la face opposee, et chaque detecteur comprenant un oligonucleotide compie- 
mentaire d'un acide nudeique predetermine distinct. 



40 16. Methode selon la revendication 14, dans laquelle le detecteur insoluble dans I'eau comprend un oligonu- 
deotlde compiementaire du HIV-I DNA. 

17. Methode selon la revendication 14, dans laquelle la surfiace de chaque zone distincte de I'artide test est 
comprise entre environ 1 et environ 3D mm^. 

46 

18. Methode pour la detection d'un acide nudeVque predetermine, qui consiste d : 

A. amplifier un acide nucieVque predetermine present dans I'echantilion S I'aide d'initiateurs compie- 
mentaires, de desoxyribonucieotides triphosphates et d'un agent de polymerisation, 

B. mettre en contact I'adde nudeTque predetermine ampllf le avec un artlde test pour acides nudeiques 
^ comprenant un substrat ayant au moins une premiere face et une seconde face, oppose e la premiere, 

et un detecteur d'acides nucieVques insoluble dans I'eau qui est fixe sur au moins une zone distincte 
d'au moins une des faces opposees, pour former un produit hybrlde imnfK>bilise constitue de I'acide nu- 
deTque predetermine et du detecteur insoluble dans I'eau, le detecteur comprenant un oligonudeotide 
compiementaire d'un acide nudeTque predetermine, I'oligonucieotlde etant lie de fiagon covalente e une 
^ particule insoluble dans I'eau, et le detecteur n'etant pratiquement pas encastre dans la face opposee. 

C. separer le produit immobilise des materiaux non-lmmobllises, et 

D. detector le produit immobilise qui indique la quantite d'acide nudeTque predetermine dans rechan- 
tillon. 
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19. M6thode selon la revendication 18, dans laquelle au moins un des initiateurs ut3is6s dans I'^tape Aest 
marqu6 de fagon detectable. 

20. M^thode selon la revendication 1 8, dans laquelle le produit immobilise est detects au moyen d'un second 
detecteur qui est marqu6 de fagon detectable. 

21. Methode selon la revendication 18, mise en oeuvre dans un disposltif autonome. 

22. Methode selon la revendication 1 8, dans laquelle le substrat est une membrane def iltration microporeuse. 

23. Methode selon la revendication 1 8, dans laquelle le substrat est un papier non-revdtu et pratiquement non- 
poreux. 

24. Methode selon la revendication 18, dans laquelle la particule insoluble dans Teau est une particute poly- 
mdre ayant un diametre inferieur e 5 ^m. 

25. Methode pour la detection du HIV-I DNA, qui consiste d : 

A. amplifier le HIV-I DNA present dans rechantillon biologique k Taide d'initiateurs compiementaires, 
de desoxyribonucieotides triphosphates et d'une polymerase obtenue d partir de Thermus aquaticus , 

B. mettrs en contact le HIV-I DNA amplifie avec un article test pour acldes nucieVques comprenant une 
membrane microporeuse sur laquelle est fixe dans au moins une zone distincte d'au moins une des 
faces de cette membrane, un detecteur d'acides nucieiques insoluble dans Teau, pour former un produit 
hybrids immobilise constitue du HIV-I DNA et du detecteur insoluble dans Teau, le detecteur compre- 
nant un oligonucleotide compiementaire du HIV-I DNA, qui est lie de fagon covalente e des partlcules 
polymeres ayant un diametre comprls entre environ 0,1 et environ 5 |im, le detecteur n'etant pratique- 
ment pas encastre dans la face de la membrane, 

C. separer le produit imnrK>bltise des materlaux non-immobllises, et 

D. detector le produit immobilise, ce qui indique la quantite de HIV-I DNA dans I'echantillon. 

26. Methode selon la revendication 25, dans laquelle au moins un des initiateurs est biotenyie et la detection 
du produit imnnobilise s'effectue par la mise en contact du produit immobilise avec un oonjugue d'avidin 
et une enzyme. 

27. Methode selon la revendication 26, dans laquelle le conjugue est la peroxydase et la mise en contact du 
conjugue et du produit est suivie par la mise en contact du produit avec une composition de leuco-oolorant 
qui produit un colorant en presence de peroxyde d'hydrogdne et de peroxydase. 
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